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(57) Abstract: 

PURPOSE: To provide a cold cathode electron source 
manufacturing method by which cold cathode electron 
source elements are manufactured stably at low cost in 
easy processes wherein the elements have a large 
surface area and show excellent properties. 

CONSTITUTION: Manufacture of a cold cathode electron 
source involves a process to form a resist film on the 
surface of a conductive layer for an emitter 3 into a 
wedge-like shape and a process to remove the part of the 
conductive layer which comes out of the resist film for 
the emitter 5 by etching, wherein the resist film has 
smaller surface area of the lower main face in the 
conductive layer side for the emitter 3 than that of the 
upper main face, which is a photosensitive face, and has 
scratches. As a result, cold cathode electron source 
elements which can exhibit stable and excellent 
properties by emitters 3 having 50nm or smaller 
curvature and sharp edge parts are manufactured 
reproducibly at low cost and high production yield by 
simple processes and the elements can have a large 
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Japan Patent Office Is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 

CLAIMS 


[Claim(s)] 

[Claim 1] The manufacture approach of the cold cathode electron source characterized by including the process 
which forms in tiie conductor-layer front face for emitters resist film which presents the shape of eaves with an area 
of the bottom principal plane of said conductor-layer side for emitters smaller than the upper principal plane which 
is a sensitization side at a wedge shape, and the process which removes said conductor layer for emitters which 
overflowed from said resist film by etching. 

[Claim 2] The manufacture approach of the cold cathode electron source according to claim 1 characterized by 
including the process which carries out opposite arrangement of the gate which separated the minute distance 
equivalent to the dimension of said eaves-like part in this emitter while exposing the wedge-shaped emitter which 
removes said conductor layer for the gates of the resist film which presents the shape of said eaves, and this resist 
film front face, and has the radicalized tip, after adhering the conductor layer for the gates. 


[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture approach of a cold cathode electron source 

component. 

[0002] 

[Description of the Prior Art] A field emission mold electron source can be manufactured in micron size using the 
ultra-fme processmg technology of a semi-conductor, moreover, since integration and batch processing are easy, in 
the thermocouple-emission mold electron source, the application to impossible GHz band amplifier, and large 
power and a high-speed switching element, and also the electron source for high definition flat-panel displays is 
expected, and researches and developments are briskly made in in and outside the country. 
[0003] The conventional example of such a field emission mold electron source is explained below. 
[0004] The electron source of the thin fihn field emission mold shown in drawing 21 ends, and forms cold cathode 
52 and the gate electrode 53 which counters for 0.3 thru/or spacing of 2 micrometers on the insulator substrate 51, 
and electron emission is caused by applying an electrical potential difference between said cold cathode 52 and gate 
electrodes 53 in a vacuum (JP,63 -274047, A). Said cold cathode 52 is formed using the FIB (FocusdIon Beam) 
technique, and forms especially the tip of the height acute. However, when an FIB technique is used, large-area- 
izmg of a component will be difficult, and a manufacturing cost will also become high. 
[0005] On the other hand, when large-area-izing and a manufacturing cost are considered, patterning using a 
photolithography technique is appropriate. However, with a current photograph RISOGUGURA fee technique, 
smce the diameter of the electronic beam spot turns into the minimum diameter of pattem NINGU, the diameter of 
about 0.5 micrometers is a limitation. For this reason, in order to form the tip of cold cathode 52 acute, still more 
various processes must be added. However, the component damage on in the meantime, especially possibility of 
damaging a cold cathode point increase, and it has become the cause of a fall of the yield of a component, so that a 
process increases. Moreover, most of these cold cathode radicalization processes are complicated, and configuration 
control is difficult for it, 

[0006] The electron source of the thin fihn field emission mold shown in drawing 22 forms cold cathode 63 and the 
gate electrode 64 in the firont face of the insulating layer 62 on the insulator substrate 61 in parallel by the approach 
of * * * * by the supersonic wave, and fi-acture ( JP,3 -49 1 29, A). 

[0007] However, since it is a thing accompanied by fracture by the supersonic wave in the case of the electron 
source of the thin fihn field emission mold shown in this drawing 22 , while it is technically difficult to attain 
equalization of the configuration of cold cathode 63, there is a problem that the damage to the thm fihn which forms 
cold cathode 63 is serious. 

[0008] The electron source of the thin fihn field emission mold shown in drawing 23 and drawing 24 is radicalized 
in the tip of the height using an isotropic etching technique, after forming the cold cathode 73 which has much 
heights on the insulating layer 72 on the insulator substrate 71 using a photo etching technique (JP,3 -252025, A). In 
addition, 74 are cold cathode 73 and a gate electrode which coxmters among drawing 23 . However, control of tiie 
configuration of the cold cathode 73 by etching conditions is difficvdt. Furthermore, when an undercut does not 
advance by formation of a side-attachment-wall protective coat etc., it cannot apply. 

[0009] Moreover, about the gap control between the emitter-gates, after forming the cladding material on emitter 
material, there is the approach of forming an emitter by etching etc. so that an xmdercut may enter, and forming the 
gate by vacuum evaporationo etc. from the upper part of this emitter and a cladding material (JP,4-28138,A). 
However, control of the undercut by etching conditions is difficult, and has a problem in respect of repeatability and 
precision. Furthermore, when an undercut does not advance by formation of a side-attachment-wall protective coat 
etc., it cannot apply. 
[0010] 

[Problem(s) to be Solved by the Invention] In the manufacture approach of the conventional field emission mold 
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electron source, as mentioned above, it could not be difficult to control the distance of cold cathode and a gate 
electrode, or it could not set up the configuration of cold cathode appropriately, the property was good and there 
was a problem that the stable field emission mold electron source could not be acquired. 

[001 1] Then, large-area-izing is possible at a simple process and cheap cost, and this invention aims at offering the 
manufacture approach of a cold cathode electron source that the cold cathode electron source component which can 
demonstrate stability and a good property can be manufactured 
[0012] 

[Means for Solving the Problem] The manufacture approach of a cold cathode electron source according to claim 1 
includes the process which forms in the conductor-layer front face for emitters resist fihn which presents the shape 
of eaves with an area of the bottom principal plane of said conductor-layer side for emitters smaller than the upper 
pnncipal plane which is a sensitization side at a wedge shape, and the process which removes said conductor layer 
for emitters which overflowed from said resist film by etching. 

[0013] The manufacture approach of a cold cathode electron source according to claim 2 includes the process which 
carries out opposite arrangement of the gate which separated the minute distance equivalent to the dimension of 
said eaves-like part in this emitter while exposing the wedge-shaped emitter which removes said conductor layer for 
the gates of the resist fihn which presents the shape of said eaves, and this resist fihn front face, and has the 
radicalized tip, after adhering the conductor layer for the gates. 
[0014] 

[Function] Since the emitter with which the tip was radicalized using the photograph process generally performed 
usually can be formed with uniformly and sufficient repeatability according to the manufacture approach of a cold 
cathode electron source according to claim 1, cheap and large-area-izing are possible, and low-battery-izing of gate 
voltage, the stable high emission current, and high repeatability are acquired. 

[0015] According to the manufacture approach of a cold cathode electron source according to claim 2, since the 
distance between an emitter and the gate can be made to approach with uniformly and sufficient repeatability by 
setup of suitable exposure conditions, low-battery-izing of gate voltage, the stable high emission current, and high 
repeatability are acquired. 
[0016] 

[Example] Below, the example of this invention is explained at a detail. 

[0017] (Example 1) As shown in drawing 1 , the conductor layer 2 which consists of Mo of 0,3-micrometer 
thickness is formed in the front face of the insulating substrate 1, for example, a glass substrate, in sputtering. Next, 
as shown in drawing 2 , as shown in drawing 2 , by the spinner, thickness 1 thru/or the thickness of 3 micrometers 
are coated with resist (ZPP2400: Nippon Zeon Co., Ltd. make) layer 5a, and 90 degrees C and prebaking for 90 
seconds are performed on the front face of said conductor layer 2. 

[0018] Next, as shown in drawing 3 , the resist fihn 5 which presents the shape of eaves to which the area of a 
under-from upper principal plane which is sensiti2ation side principal plane becomes small is formed by performing 
exposure using the mask 9 with the serrate pattern 8, and developing the resist film 5 further using an alkali water 
solution. The configuration of the eaves-like part of the resist fihn 5 at this time changes with light exposure, as 
shown in drawing 1 0 . drawing 11 . or drawing 1 8 . 

[0019] 2 micrometers and prebaking Namely, 90 degrees C, 90 seconds, [ the thickness of the resist film 5 ] When it 
exposed in PL501F and a paddle performs development for TMAH 65 seconds 2.38% for PEBIOO degree C and 60 
seconds. The dimension of an eaves-like part the dimension of an eaves-like part with 3.4 micrometers and Ught 
exposure 2.0 with light exposure 1.5 1.8 micrometers, light exposure 2.5 ~ the dimension of an eaves-like part ~ 
the dimension of an eaves-like part was [ in 1 .0 micrometers and light exposure 3.0 / the dimension of an eaves-like 
part of the dimension of an eaves-like part ] 0.7 micrometers in 0.8 micrometers and light exposure 4.0 at 0.9 
micrometers and light exposure 3.5. That is, the dimension of an eaves-like part is determined by light exposure 
and, thereby, can adjust the distance between the emitters 3 and the gates 6 which are mentioned later. 
[0020] Then, postbake is performed. 

[0021] Next, as shown in drawing 4 and drawing 5 , the emitter 3 with the tip which removed said conductor layer 2 
which overflows rather than the resist film 5 which is eaves-like and presents serrate by dry etching, and was 
radicalized in serrate is formed between said resist fihn 5 and insulating substrates 1. 

[0022] The conditions of dry etching are etching gas CF 4. : They may be 02 =170:30sccm, pressure 0.17Torr, RF 
output 300W, and time amount 10 minutes. 

[0023] Next, as shown in drawing 6 and drawing 7 , membranes are formed by vacuum evaporationo on the 
conditions which carry out incidence of the conductor layer 4 for gate 6 which consists of metals, such as nickel, 
Cr, and Ta, from a perpendicular direction to the insulating substrate 1. 

[0024] Next, as shown in drawing 8 and drawing 9 , while exposing the serrate emitter 3 which removes the resist 
film 5 which has the shape of said eaves and presents serrate, and the conductor layer 4 of the front face of this 
resist film 5 using exfoliation liquid (lift off), and has the radicalized tip, opposite arrangement of the gate 6 which 
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presents minute distance partition ***♦♦*♦* equivalent to the dimension of said eaves-like part to this emitter 3 is 
earned out. 

[0025] According to the above process, while an emitter tip with a radius of curvature of 50nm or less is obtained 
using the conventional photolithography technique, large area-ization of a cold cathode electron source component 
is attained, and, moreover, cheap-ization of a manufacturing cost can also be attained. 

[0026] Moreover, simplification by reduction in a routing counter can be attained, damage on the cold cathode 
electron source in the middle of a process and destruction decrease, and improvement in the yield can also be aimed 
at 

[0027] Furthermore, formation of the gate 6 by the self-aUgn (self aiyne) process is attained, the distance between 
the gate 6-enutters 3 can be formed in 1 micrometer or less, electron emission becomes easy, and the cold cathode 
electron source of a low-battery drive can be acquired. 

[0028] (Example 2) it is shown m drawing 19 and drawing 20 - as ~ the fiont face of the msulating substrate 1 
(glass substrate) ~ a protective layer 10 and Si02 from - the becoming insulating layer 1 1 is formed and the 
conductor layer 2 which consists of Mo of 0.3 -micrometer thickness is further formed in sputtering. 
[0029] Then, the gate 6 which presents serrate [ equivalent to the dimension of said eaves-like part / which carries 
out minute distance partition ****** ] to the serrate emitter 3 and this serrate emitter 3 which has the radicalized tip 
at the same process as an example 1 is formed in the front face of said insulating layer 1 1 . 

[0030] Furthamore, the insulating-layer crevice 12 is formed in an emitter 3 and the opposite field lower part of the 
gate 6, the space of said insulating-layer crevice 12 is separated, and an emitter 3 and the gate 6 are made to 
perforin wet etching to said insulating layer 1 1, and to counter respectively. The cold cathode electron source which 
an emitter 3 and the gate 6 will separate the space of said insulating-layer crevice 12 respectively, it will counter, 
and electron emission effectiveness improves by tins, and can demonstrate stability and a good property more can 
be manufactured at cheap cost. 
[0031] 

[Effect of the Invention] According to invention according to claim 1, the cold cathode electron source component 
which can demonstrate the stability and the good property by the emitter with the radicalized tip with a radius of 
curvature of 50nm or less can be manufactured with the sufficient yield with sufficient repeatability at cheap cost by 
the simple process, and the manufacture approach of the cold cathode electron source in which large-area-izing is 
possible can be offered. 

[0032] According to invention according to claim 2, the gate which countered the emitter can be made to be able to 
approach 1 micrometer or less, and the manufacture approach of a cold cathode electron source that the cold 
cathode electron source component which can demonstrate the stability and the good property by making it arrange 
to homogeneity over a large area can be manufactured with the sufficient yield with sufficient repeatability at cheap 
cost by the simple process can be offered. 


[Translation done.] 
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DESCRIPTION OF DRAWINGS 


[Brief Description of the Drawings] 

Prawing 1] The sectional view showing the production process of the cold cathode electron source in the example 
1 of this mvention ^ 

pawing 2] The sectional view showing the production process of the cold cathode electron source in the example 
1 of this invention ^ 

prawing 3] The sectional view showing the production process of the cold cathode electron source in the example 
1 of this mvention ^ 

Prawing 4] The sectional view showing the production process of the cold cathode electron source in the example 
1 of this mvention ^ 

Prawing 5] The top view showing the production process of the cold cathode electron source in the example 1 of 
this invention ^ 

Prawing 6] The sectional view showing the production process of the cold cathode electron source in the example 
1 of this invention 

(Drawing 7] The top view showing the production process of the cold cathode electron source in the example 1 of 
this invention 

Prawing 8] The sectional view of the cold cathode electron source acquired according to the example 1 of this 

invention 

Prawing 9] The top view of the cold cathode electron source component obtained accordmg to the example 1 of 
this invention 

Prawing 10] The graph which shows the relation of the light exposure of an eaves-like part and the dimension in 
the example 1 of this invention 

[Drawing 11] The explanatory view showing the relation of the light exposure of an eaves-like part and the 
dimension in the example 1 of this invention 

Prawing 12] The explanatory view showing the configurations of the emitter in the example 1 of this invention, 
and the resist film 

[Drawing 13] The explanatory view showing the relation of the light exposure of an eaves-like part and the 
dimension in the example 1 of this invention 

[Drawing 14] The explanatory view showing the relation of the light exposure of an eaves-like part and the 
dimension in the example 1 of this invention 

[Drawing 15] The explanatory view showing the relation of the light exposure of an eaves-like part and the 
dimension in the example 1 of this invention 

prawing 16] The explanatory view showing the configurations of the emitter in the example 1 of this invention, 
and the resist film 

[Drawing 17] The explanatory view showing the relation of the light exposure of an eaves-like part and the 
dimension in the example 1 of this invention 

[Drawing 18] The explanatory view showing the relation of the light e3q)OSure of an eaves-like part and the 
dimension in the example 1 of this invention 

Prawing 19] The sectional view showing the production process of the example 2 of this invention 
[Drawing 20] The sectional view showing the production process of the example 2 of this invention 
Prawing 21] The partial perspective view showing an example of the conventional electron source 
[Drawing 22] The partial perspective view showing the other examples of the conventional electron source 
[Drawing 23] The partial perspective view of the conventional electron source showing other examples fiirther 
[Drawing 24] The partial perspective view of the conventional electron source showing other examples fiirther 
Pescription of Notations] 

1 Insulating Substrate 

2 Conductor Layer 
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3 Emitter 

4 Conductor Layer 

5 Resist Film 

6 Gate 

1 1 Insxilating Layer 

12 Insulating-Layer Crevice 

[Translation done.] 
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* NOTICES * . 

Japcm Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2. * * * * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 6] 
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[Drawing 16] 
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[Drawing 17] 
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[Drawing 22] 
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